In recent years, there have been dramatic advances in understanding the structure and functions of the oligosaccharide units (sugar chains) of glycoconjugates (1) . Shown in Table 2 , preliminary information about the sugar chains on a glycoprotein can be obtained if it can be labeled in the peptide moiety (e.g., with a radioactive amino acid or with surface labeling.) With some of these methods, a functional or immunological assay for an unlabeled protein can even be used. Important clues about the type, size, number, and charge of the oligosaccharides are obtained, helping to deterimine the approach to detailed structural analysis.
WAYS TO INTRODUCE RADIOACTIVITY INTO GLYCOPROTEIN OLIGOSACCHARIDES
One method is to use purified glycosyltransferases and labeled sugar nucleotides, transferring labeled monosaccha-'Abbreviations: NMR, nuclear magnetic resonance; HPLC, high-pressure liquid chromatography; FAB-MS, fast atom bombardment-mass spectrometry; anion-exchange HPLC with pulsed amperometric detection (HPLC-PAD); Neu5Ac, N-acetylneuraminic acid; G1cNH2, glucosamine, G1cNAc, Nacetylglucosamine; Ga1NAc, N-acetylgalactosamine; ManNAc, Nacetylmannosamine, Man, mannose; Fuc, fucose; Xyl, xylose, Gal, galactose; endoH, endo-i9-N-acetyl-glucosaminidase H; PNGaseF, peptide:N-glycosidase F; concanavalinA, Con A; phytohemagglutinm E4, E-PHA, phytohemagglutinin L4, L-PHA; SDS, sodium rides to a terminal position on the glycoprotein oligosaccharides (16). However, because the label is on a terminal sugar, the extent of structural analysis possible is limited. A second general method is reduction with tritiated borohydride (2). On oligosaccharides released from glycoproteins by enzymatic or chemical means, this label enters the sugar at the reducing terminus (the innermost sugar residue). If the reduction is done after mild periodate oxidation or galactose oxidase treatment, the label enters the side chain of truncated sialic acid residues or the 6-position of terminal galactose/N-acetylgalactosamine residues, respectively (17). Another method is to chemically de-N-acetylate oligosaccharides and then to re-N-acetylate the resulting amino sugar residues with radioactive acetic anhydride (18). However, Table 3 Selecting a labeled monosaccharide precursor is based on for a listing of the commonly used methods and their relative several factors including the efficiency of uptake (see below) sensitivities).
However When the 3H-label is at the 2-position of the monosaccharide precursor, any labeled molecule that is converted by phosphomannose isomerase to fructose-6-phosphate concomitantly loses the label from the 2-position as tritiated water, which is diluted into the pool of cellular water of very high molarity (31). Thus, in almost all cells studied, the label remains essentially confined to mannose and fucose residues, regardless of how long the labeling proceeds. Indeed, as depicted in Fig. 1 Labeling with radioactive sugars is not as efficient. Thus, it is necessary to consider several factors to optimize incorporation into the glycoconjugate of interest. The general factors are self-evident, including the amount of label, the concentration of label in the media, the number of cells, the duration of labeling, and the number of cell doublings that occur during the labeling.
Some of these factors are at odds with one another, and the correct balance between them must be individualized to the particular cell type. One successful approach has been to expose a series of plates of cells sequentially to a small volume of media containing a high concentration of label. If the period of exposure is relatively short (e.g., a few hours), the labeling media can be reused sequentially for several plates of cells (33, 34). This approach can also be adapted to pulse-chase analyses (35, 36).
The most specific factor affecting the uptake and incorporation of a radioactive monosaccharide precursor is whether or not it competes with glucose for uptake. As glucose in normal tissue culture media is about 5 mM, monosaccharides that have to compete for active transport cannot be taken up any better than glucose itself. On the other hand, sugars that do not compete with glucose are taken up only by noncompetitive, passive, and therefore inefficient mechanisms. Although a comprehensive study of this issue has not been performed, past experience indicates that glucosamine,
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Fructose-6-P 13H]p(56 Molar) Fig. 5 ). Proteins of all sizes bind SDS and tend to cluster at or near the void volume region under these conditions, separating them from low-molecular-weight contaminants.
The macromolecules are then concentrated by acetone precipitation, redissolved in SDS, and the conditions adjusted for treatment with a specific endoglycosidase. After incubation with the enzyme, the material is reapplied to the same column.
A buffer control is also similarly incubated and studied on the same column. If the buffer control shows no significant included radioactivity, the radioactivity released by the enzyme treatment can be confidently identified and pooled, free of any undigested material. The released oligosaccharides can be freed of SDS using potassium precipitation and then desalted before analysis (see Fig.  5 Space does not permit a detailed discussion of such techniques here: an excellent review of the subject has appeared recently (46). An overall approach to the structural analysis of labeled oligosaccharides or glycopeptides is outlined in Fig. 6 . The initial goal is to obtain a composition of labeled monosaccharides (i.e., define which monosaccharides carry the label) and then to fractionate the molecules according to negative charge. The latter is necessary because anionic groups (e.g., sialic acids, sulfate, and phosphate esters) Table 4 for examples). The classic instance is the determination of the structure of lipid-linked oligosaccharide precursor of N-linked oligosaccharides.
In this case, a nearly complete structural analysis of this important dolichol-oligosaccharide was accomplished using material derived exclusively from [2-3H]mannose-labeled cells. Likewise, the structural intermediates in the processing pathway of N-linked oligosaccharides were worked out by several groups using the approach of mannose labeling.
In some of these studies, relatively detailed structural information regarding the biosynthetic intermediates was obtained by structural analysis of the labelled molecules. In exploring the pathway for generation of the phosphomannosyl recognition marker of lysosomal enzymes, the structures of the anionic N-linked oligosacchanides were initially worked out using a metabolic labeling approach (see below). Metabolic labeling techniques have also been used for extensive structural analysis of oligosacchanides from a variety of specific proteins including sugar chains of both the N-and 0-linked variety (see Table 4 ). Again, substantial information, including anomeric linkages and sequences, was obtained from metabolically labeled materials.
Although not the immediate subject of this review, such techniques
have also been used to analyze the biosynthetic precursors of the glycophospholipid anchor, in the structural analysis of the glycosaminoglycan chains and in the identification of novel ganglioside structures. In many instances, the initial identification and structural characterization of biologically important oligosacchanides was carried out using the labeling approach, and their complete structure was only later confirmed by physical methods. Conventional sequencing approaches have rarely uncovered errors in previous work done with labeled molecules.
Space does not permit adequate discussion of the many excellent studies mentioned in Table 4 ; the reader is referred to the original citations. Only one example is considered below in some detail. 
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